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The present invention relates to a process to remove or 
to eliminate fluorinated anionic surfactants from gaseous 
' streams . 

More specifically the invention relates to a process to 
remove anionic fluorinated surfactants of perf luorinated car- 
boxylic acids or their derivatives or their salts, from 
hexausted air streams coming from drying f luoropolymer 
processes . 

It is well known that anionic fluorinated surfactants, in 
particular the perf luorinated carboxylic acids or their 
derivatives, preferably having a number of carbon atoms from 
7 to 10, are used in the polymerization in aqueous dispersion 
of fluorinated monomers, for example TFE . 

In said processes a sufficiently high amount of fluori- 
nated anionic surfactant must be used, so to stabilize the 
polymer colloidal particles to avoid coagulation phenomena. 
The most industrially used fluorinated anionic surfactant is 
the acid having 8 carbon atoms (perf luorooctanoate) or its 
salts, for example of ammonium or sodium. 

When the latex obtained from the polymerization is coagu- 
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lated by addition of electrolytes, substantially all the 
perf luorinated surfactant remains adsorbed on the surface of 
the solid polymer particles. The surfactant present on the 
polymer surface, together wtih the residual water, is then re- 
moved during the drying step, carried out at temperatures in 
the range 120°C-280°C. The surfactant passes to the gaseous 
state and mixes itself with the inert gas mixture, typically 
air, flowing out from the equipment used for the drying. 

The anionic perf luorinated surfactants, in particular the 
perf luorooctanoate in acid form or under salt form, are very 
effective products for the use in the fluorinated monomer 
polymerization, but they cannot be discharged in the 
environment since biopersistent . For this reason the 
international authorities, for example EPA, require a greater 
and greater reduction of perf luorinated surfactant emissions. 

Processes to reduce the PFOA amount in the gaseous 
streams coming from the drying plants of fluorinated polymers 
are known in the prior art . 

USP 5,990,33 0 describes a recovery process from exhausted 
gaseous streams, containing anionic fluorinated surfactants 
deriving from perf luorinated carboxylic acids or salts 
thereof. The process consists in contacting, in an absorption 
column, the gaseous stream with a concentrated alkaline solu- 
tion, for example sodium hydroxide, under conditions such to 
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have phase separation. By using said concentrated alkaline 
solutions it is avoided foam formation in the column, which 
would decrease the process efficiency. To obtain a 
substantially complete phase separation the alkaline solution 
density must be > 1.15 g/cm 3 . The separated phase concentrated 
in PFOA is removed in a decanter and subsequently purified to 
recover and reuse the surfactant. Indeed it is well known that 
PFOA, to be used in polymerization must be very pure. The 
drawback of the use of a concentrated alkaline solution to 
remove PFOA from gaseous streams is that the dirtying and 
successively the formation of encrustations in the equipment 
wherein the perf luorooctanoate elimination is carried out 
takes place. Therefore plant stops are necessary for the 
equipment cleaning . 

In USP 6,245,923 a process is described operating in the 
plant described in USP 5,990,330, wherein in the absorption 
column, as concentrated alkaline solution for the PFOA 
removal, a concentrated potassium carbonate solution is used. 
In comparison with previous patent, whith this process the 
dirtying problems are reduced. However, also in this case 
plant stops, even though less frequent, are necessary for the 
equipment cleaning . 

The need was felt to have available a process to remove 
f luorinated anionic surfactants from gaseous streams with high 
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efficiency, higher than 99.0%, preferably higher than or equal 
to 99.9%, without having dirtying/encrustations problems and 
without the formation in the plant of foam amounts such to 
influence the process efficiency. In fact if foams reach an 
height equal to about 50% of the absorption column height, 
PFOA dragging phenomena with air in the environment take 
place . 

The Applicant has surprisingly and unexpectedly found 
that it is possible to solve * said technical problem by the 
process described hereinafter. 

An object of the present invention is an elimination 
process of fluorinated anionic sufactants from exhausted 
gaseous streams, having efficiency higher than 99.0%, prefe- 
rably higher than or equal to 99.9%, wherein the gaseous 
stream is put into contact, for example by a scrubber, with 
aqueous solutions having pH from 3.5 to 13.8, the aqueous 
phase density being lower than 1.05 g/cm 3 , preferably lower 
than 1.03 g/cm 3 , wherein the concentration in the aqueous 
solution of the fluorinated anionic surfactant removed from 
the gaseous stream is lower than or equal to 70 ppm, 
preferably lower than or equal to 60 ppm, still more 
preferably lower than 50 ppm. 

The fluorinated anionic surfactants are determined in the 
aqueous solution by potentiometr ic titration. 
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Preferably the anionic fluorinated surfactants are 
selected from perf luorinated carboxylic acid or derivatives 
thereof, in particular perf luorooctanoate in its acid or 
salified form. 

The used absorption column can be a filling up column, 
preferably structured, a plate column or a spray column; 
preferably a spray column is used. 

Said columns are widely described in the prior art, see 
for example "Perry Chemical Engineers ' Handbook" Sixth Ed. R.H. 
Perry and D. Green, pages 18.1-18.42. 

With the invention process there is no encrustation 
formation in the surfactant removal column and surfactant 
losses do not occur, for example due to the formation of low 
boiling azeotropes surf actant- water . Besides, the foam 
formation is very reduced and can also be absent. 

With the invention process, unexpectedly and surpri- 
singly, the removal of the fluorinated surfactant from the 
gaseous stream is obtained without the formation of two sepa- 
rate liquid phases, as it takes place in the processes of the 
prior art . 

Furthermore with the invention process, using as said 
also diluted alkaline solutions, there are no corrosion 
phenomena in the scrubber and therefore also conventional ma- 
terials can be used to prepare the absorption column. This is 
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a further advantage of the invention process, resulting, 
therefore, less complicated and expensive from the industrial 
point of view compared with the processes of the prior art. 

The solution flowing out from the absorption column, con- 
taining the removed fluorinated anionic surfactant, can be 
recycled (recycle solution) to the absorption column to limit 
the volumes of the aqueous solution used in this phase. 

The process of the present invention can be carrid out in 
a continuous or a discontinuous way, preferably it is carried 
out in a continuous way. 

The continuous process is carried out for example by 
recyclcing the solution and recovering the surfactant at each 
recycle, or by recycling the solution until reaching a con- 
centration of 70 ppm and then by treating the liquid phase to 
remove the surfactant, or by using in the gas absorption phase 
fresh solution without recycle; or for example by feeding a 
fresh aqueous solution aliquot and drawing from the plant an 
aliquot containing the anionic surfactants to be sent to a 
recovery plant . 

The discontinuous process is carried out for example by 
recycling the solution used in the absorption column without 
recovering the surfactant until a concentration of 7 0 ppm is 
reached. 

Among the methods used to recover the surfactant from the 
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aqueous solution flowing out from the absorption column, it 
can be mentioned the passing on anionic exchange resins, or on 
specific adsorbers for fluorinated surfactants, or by 
operating with reverse osmosis units, or by precipitation with 
polivalent cation salts, for example A1 2 (S0 4 ) 3 . 

Said methods are used to bring the anionic surfactant 
concentration in the recycle solution to levels lower than 70 
ppm. Generally the above method using A1 2 (S0 4 ) 3 is not used to 
remove the surfactant from the recycle solutions. 

Preferably the treatment is carried out with strong or 
weak anionic exchange resins, preferably with strong anionic 
exchange resins. 

With strong exchange anionic resins are meant resins whe- 
rein the active resin sites are quaternay ammonium groups ,- 
with weak exchange anionic resins are meant resins wherein the 
active resin sites are aminic groups protonizable with 
secondary or primary ammonium. 

Among strong anionic exchange resins there can be 
mentioned Amberlite®IRA 402, Amber j et®4400 OH, Amberlist®A26 
OH e Dowex®MSA C. Among weak anionic exchange resins, Amber- 
list®A23, Amberlist®A21 can be mentioned. 

The recovery of the fluorinated anionic surfactant from 
the ionic exchange columns can be carried out for example with 
a mixture of diluted mineral acids and polar organic solvents, 

(AF 2646/031. EST) 



9 

miscible with water for at least 4 0% by volume. See for 
example USP 4,282,162, herein incorporated by reference. 

Among fluorinated surfactant adsorbers, active carbon, 
such for example Norit®PKl-3, Norit® GAC830, or aluminas and 
silicas containing free hydroxyl can be mentioned. 

The reverse osmosis plant are well known in the prior 
art, see for example "Perry Chemical Engineers ' Handbook" Sixth 
Ed., R.H. Perry and D. Green, pages 17.22-17.27. For specific 
applications to concentrate aqueous solutions see for example 
patents USP 4,411,787 and EP 413,858. 

The initial removal solution, and/or the recycle solution 
have generally a temperature in the range 5°C-4 0°C preferably 
10°C-30°C. 

For illustrative but not limitative purposes, the present 
invention process is reported in detail in Fig. 1. 
Description of the plant: 

1 the feeding ventilator of the gaseous stream to the 
drying oven; 

2 the powder drying oven; 

3 the feeding pipe of the gaseous stream to the absorption 
column 4 ; 

5 the tank of collection and homdgeneization of the liquid 
flowing out from the absorption column; 

6 the pump which conveys the output liquid from the 
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collection tank to the heat exchanger 7; 

8 the heat exchange unit which maintains the temperature 
required in the heat exchanger 7; 

9 and 10, respectively, each of the two valves which give 
access to the anionic exchange columns 11 and 12; 

14 and 13 show, respectively, each of the two valves which 
close downstream the anionic exchange columns; 

15 is the valve by which the solution flowing out from from 
the exchanger 7 is directly recycled to the absorption column 
4; 

16 is the piping to which the valves 13, 14, 15 are 
connected and it recycles the solution into the absorption 
column 4 ; 

17 is the piping which collects the exhausted gaseous stream 
leaving the absorption column 4, and which is discharged in 
the atmosphere . 

Columns 11 and 12 work so that when one of them is used 
for the anionic exchange, the other is regenerated whereby, 
for example, during a cycle the valves 9 and 14 will be closed 
and the valves 10 and 13 opened, and viceversa in the 
subsequent cycle . 

On the liquid recycled through the piping 16 to the 
absorption column, the pH is measured. It must be maintained 
in the 3.5-13.5 limits, if needed, optionally by adding acid 
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or alkaline solutions, depending on the used ionic exchange 
resin column. 

The present ivnention process, with reference to the 
scheme of Fig. 1, operates as follows. 

The gaseous flow pushed by the ventilator 1 through the 
drying oven 2, removes both the water and the anionic sur- 
factant from the coagulated powder during the drying. The 
exhausted gaseous flow 3, containing from example from 3 5 
mg/kg to >200 mg/kg of PFOA, and having a temperature in the 
range 12 0°C-280°C, enters the absorption column or scrubber 
4 . In the absorption column the liquid stream fed by piping 16 
is in countercurrent with respect to the imput gas flow. The 
contact among the phases can be obtained by structured filling 
.up, plate column, or distributing the liquid stream inside the 
column in the form of small drops by atomizing nozzles. 

The outflowing gaseous stream 17, after separation of the 
small dragged liquid drops, is discharged in the environment. 

In scrubber 4 the ratio by weight among the flow rates of 
the feeding aqueous solution (L) through pipe 16, and of gas 
(G) fed through pipe 3, can range from 2 to 20, preferably 
from 4 to 15 . 

The liquid stream flowing out from the scrubber 4 is di- 
scharged in the homogeneization tank 5. Generally the tempera- 
ture of the liquid solution flowing out from the absorption 
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column (scrubber 4) has a temperature from 15 °C to 4 3 °C. 

By pump 6 said liquid stream is transferred to the heat 
exchanger 7, which maintains constant the temperature of the 
liquid solution generally at a value from 5°C to 40°C, pre- 
ferably from 10°C to 30°C. The solution is then fed to one of 
the ionic exchange resin columns 11 or 12. When column 11 is 
recovering the surfactant from the washing solution, column 12 
is regenerated to recover the surfactant retained by the ion 
exchange resin, and viceversa. The column 11 or 12 which is 
used operates in the temperature range of the exchanger 7 . 
After the passing in theic exchange column the solution is fed 
again to the absorption column 4. 

The plant with the described process operates in a 
continuous way. 

The apparatus of Fig. 1, as said, can operate also in a 
discontinuous way. In this case from pipe 16 a fresh aqueous 
solution is introduced into the scrubber 4 and the solution of 
tank 5 is recovered. Or the aqueous solution of tank 5 is 
recycled, optionally mixed with a fresh aqueous solution, 
avoiding the passing on the column 11 or 12, until the 
concentration of the fluorinated anionic surfactant flowing 
out from the scrubber 4 is of 7 0 ppm, preferably lower than or 
equal to 60 ppm, still more preferably lower than 50 ppm. When 
the anionic surfactant concentration of the solution flowing 
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out from the scrubber 4 is higher than 70 ppm, the solution is 
not recycled but it is treated with the above methods to bring 
again the concentration to values lower than 70 ppm. At this 
point this solution can be recycled by following the above 
steps . 

The following Examples are given for illustrative and not 
limitative purposes of the present ivnention. 
EXAMPLES 

Analysis of fluorinated anionic surfactants in aqueous solu- 
tions 

The analysis has been carried out by the potent iometric 
titration method described in "Application Bullettin 261/1", 
"Application Bullettin 233/2" Metrohom and at pages 52-82 of 
"Titrimetric determination of surfactants and pharmaceuticals" 
by R. Schulz Metrohom monograph. 
Analysis of PFOA in gases 

An aliquot of the outflowing gas is let absorb as descri- 
bed in the publication UNICHIM - Manual 124 Ed. 1995 No. 771 
"Determinazione del perf luoroottanoato di ammonio metodo colo- 
rimetrico". The method sensitivity limit is 0.0004 mg/Kg. 
PFOA recovery process - general part 

In the Examples the recovered PFOA aliquot is quantified 
by feeding in the plant described in Fig. 1 a gaseous stream 
having a known PFOA concentration. 
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The used absorption column 4 is of the spray scrubber 
type in countercurrent . The column has diameter of 100 mm and 
length of 10 0 0 mm. The liquid distribution is made by an 
atomizing nozzle put on the scrubber head, capable to give 
drops having a diameter in the range 200-600 /xm. 

The removal liquid was formed by demineralized water, or 
a diluted NaOH solution (pH 10) , having a flow rate of 90 kg/h 
and temperature from 25 °C to 30°C. 

The liquid collected at the scrubber bottom in the 
Examples 1-5 has ben recycled in the absorption column top, 
without carrying out the passing on the ionic exchange resin 
column . 

In the Examples 6 and 7 the liquid flowing out from the 
scrubber was let flow on an anionic exchange column having a 
diameter of 50 mm and heigth of 200 mm, filled with Dowex®MSA 
1C resin. 

The recovered PFOA percentage has been expressed as 10 0 
X (PFOA amount present in solution) /PFOA amount fed in the 
gaseous stream. 
EXAMPLE 1A 

4.5 kg/h of gas coming from a drying process at a tempe- 
rature of 13 5°C of a powder of a perf luorinated polymer coagu- 
lated from a latex, are fed from the above absorption column 
bottom, scrubber type. 

(AF 2646/031. EST ) 



15 

The ratio between the liquid/gas flow rate is 18. 
The inlet gas has a constant PFOA concentration equal to 
98 mg/kg. 

During the process (118 minutes time) no phase separation 
phenomena in the obtained PFOA solution have been noticed. 

The aqueous solution pH at the beginning of the test was 
7.04 and at the end 3.87. 

During the test the PFOA concentration in the gaseous 
phase has been continuously determined by means of the above 
analysis method. 

At the end the PFOA concentration both in the liquid and 
in the gas flowing out from the scrubber has been determined. 

The PFOA concentration is expressed in ppm, i.e. mg of 
PFOA/kg of aqueous solution. 

The ratio between the foam heigth and the scrubber diame- 
ter is shown in Table 1 as Hfoam/Dcolumn . 

At the end of the test the PFOA concentration in the 
aqueous solution is 56 ppm, the recovery efficiency > 99.9%. 

The results are reported in Table 1. 
EXAMPLE IB (comparative) 

The process described in the Example 1A was continued for 
a total time of 12 hours and 20 minutes. 

No phase separation phenomena in the obtained PFOA solu- 
tion have been noticed. The density of the aqueous solution 
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resulted lower than 1.03 g/cm 3 . 

The solution pH at the end of the process was 3.24. 

At the end of the test the PFOA concentration in the 
aqueous solution is 250 ppm, the recovery efficiency > 95%. 

The results are reported in Table 1. 
Comment on the Examples 1A and IB 

Said Examples show that for a surfactant concentration in 
the fed gaseous stream of 98 mg/kg, at PFOA concentrations in 
water not higher than 56 ppm the recovery efficiency is very 
good and never lower than 99.9%. When the surfactant con- 
centration increases to 250 ppm the process efficiency decrea- 
ses to 95%. 
EXAMPLE 2A 

The process described in the Example 1A is repeated but 
by using an inlet gas having a constant PFOA concentration 
equal to 17 8 mg/kg. 

The ratio between the liquid/gas flow-rate is 18. 

The process lasts 74 minutes in total. 

No phase separation phenomena in the obtained PFOA solu- 
tion have been noticed. The density of the aqueous solution 
resulted lower than 1.03 g/cm 3 . 

The initial solution pH was 7.08 and at the end of the 
process 3.80. 

At the end of the test the PFOA concentration in the 
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aqueous solution is 66 ppm, the recovery efficiency > 99.9%. 

The results are reported in Table 1. 
EXAMPLE 2B (comparative) 

The example 2A is continued, over the above time, for 5 
hours and 45 minutes in total. 

No phase separation phenomena in the obtained PFOA solu- 
tion have been noticed. The density of the aqueous solution 
resulted lower than 1.05 g/cm 3 . 

The solution pH at the end of the process was 3.30. 

At the end of the test the PFOA concentration in the 
aqueous solution is 220 ppm, the recovery efficiency > 86.7%. 

The results are reported In Table 1. 
Comment on the Examples 2A and 2B 

Said Examples show that for a surfactant concentration in 
the fed gaseous stream of 178 mg/kg, at PFOA concentrations in 
water not higher than 66 ppm the recovery efficiency is very 
good and never lower than 99.9%. When the surfactant con- 
centration increases to 220 ppm the process efficiency decrea- 
ses to 86.7%. 
EXAMPLE 3A 

The process described in the Example 1A is repeated but 
by using an inlet gas having a constant PFOA concentration 
equal to 2 00 mg/kg. 

The ratio between the liquid/gas flow-rate is 18. 
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The process lasts 32 minutes in total. 

No phase separation phenomena in the obtained PFOA solu- 
tion have been noticed. The density of the aqueous solution 
resulted lower than 1.03 g/cm 3 . 

The solution pH at the end of the process was 4.12. 

At the end of the test the PFOA concentration in the 
aqueous solution is 32 ppm, the recovery efficiency > 99.9%. 

The results are reported in Table 1. 
EXAMPLE 3B (comparative) 

The Example 3A is continued, over the above time, for 13 
hours and 40 minutes in total. 

No phase separation phenomena in the obtained PFOA solu- 
tion have been noticed. The density of the aqueous solution 
resulted lower than 1.03 g/cm 3 . 

The solution pH at the end of the process was 2.95. 

At the end of the test the PFOA concentration in the 
aqueous solution is 520 ppm, the recovery efficiency > 90.0%. 

The results are reported in Table 1. 
EXAMPLE 3C (comparative) 

The Example 3B is continued for a total time of 3 0 hours. 

No phase separation phenomena in the obtained PFOA solu- 
tion have been noticed. The density of the aqueous solution 
resulted lower than 1.03 g/cm 3 . 

The solution pH at the end of the process was 2.65. 
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At the end of the test the PFOA concentration in the 
aqueous solution is 1,125 ppm, the recovery efficiency 
> 80.0%. 

The results are reported in Table 1. 
Comment on the Examples 3A, 3B and 3C 

Said Examples show that for a surfactant concentration in 
the fed gaseous stream of 200 mg/kg, at PFOA concentrations in 
water not higher than 3 2 ppm the recovery efficiency is very 
good and never lower than 99.9%. When the surfactant con- 
centration increases to 520 ppm (Example 3B) the process effi- 
ciency decreases to 90% and at 1,225 ppm the efficiency is 80% 
with formation of considerable foam amount. 
EXAMPLE 4A 

The process described in the Example 1A is repeated but 
by using an inlet gas having a constant PFOA concentration 
equal to 100 mg/kg and an absorption liquid formed by a 
diluted solution of NaOH pH 10 (density < 1.004 g/ml) . 

The ratio between the liquid/gas flow-rate is 18. 

The process lasts 90 minutes in total. 

No phase separation phenomena in the obtained PFOA solu- 
tion have been noticed. The density of the aqueous solution 
resulted lower than 1.03 g/cm 3 . 

The initial solution pH was 10 and at the end of the pro- 
cess 6.91. 
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At the end of the test the PFOA concentration in the 
aqueous solution is 50 pptn, the recovery efficiency > 99.9%. 

The results are reported in Table 1. 
EXAMPLE 4B (comparative) 

The Example 4A is continued, over the above time, for 470 
minutes in total . 

No phase separation phenomena in the obtained PFOA solu- 
tion have been noticed. The density of the aqueous solution 
resulted lower than 1.03 g/cm 3 . 

The solution pH at the end of the process was 6.34. 

At the end of the test the PFOA concentration in the 
aqueous solution is 188 ppm, the recovery efficiency > 93.5%. 

The results are reported in Table 1. 
Comment on the Examples 4A and 4B 

Said Examples show that for a surfactant concentration in 
the fed gaseous stream of 100 mg/kg, at PFOA concentrations in 
water not higher than 50 ppm the Recovery efficiency is very 
good and never lower than 99.9%. When the surfactant con- 
centration increases to 188 ppm the process efficiency decrea- 
ses to 93.5%. 
EXAMPLE 5A 

The process of the Example 1A is repeated but by using an 
inlet gas flow- rate of 9 kg/h, having a constant PFOA con- 
centration of 3 5 mg/kg. 
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The ratio between the liquid/gas flow-rate is 9. 
The process lasted 110 minutes in total. 

No phase separation phenomena in the obtained PFOA solu- 
tion have been noticed. The density of the aqueous solution 
resulted lower than 1.03 g/cm 3 . 

The initial solution pH was 7.0 and at the end of the 
process 4.02. 

At the end of the test the PFOA concentration in the 
aqueous solution is 3 9 ppm, the recovery efficiency > 99.9%. 

The results are reported in Table 1. 
EXAMPLE 5B (comparative) 

The Example 5A is continued, over the above time, for 11 
hours and 3 0 minutes in total. 

No phase separation phenomena in the obtained PFOA solu- 
tion have been noticed. The density of the aqueous solution 
resulted lower than 1.03 g/cm 3 . 

The solution pH at the end of the process was 2.25. 

At the end of the test the PFOA concentration in the 
aqueous solution is 170 ppm, the recovery efficiency > 90.0%. 

The results are reported in Table 1. 
Comment on the Examples 5A and 5B 

Said Examples show that for a surfactant concentration in 
the fed gaseous stream of 3 5 mg/kg, with a gas flow rate of 9 
kg/hour at PFOA concentrations in water not higher than 3 9 
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ppm, the recovery efficiency is very good and never lower than 
99.9%. When the surfactant concentration increases to 170 ppm 
the process efficiency decreases to 90.0%. 
EXAMPLE 6 

The Example 1 is repeated but by using a gas having a 
PFOA concentration of 170 mg/kg. The liquid collected at the 
scrubber bottom, as said in the general part, in this case has 
been fed to the ionic exchange resin column Dowex®MSA 1C. 

The ratio between the liquid/gas flow-rate is 18. 

The process lasts 5 hours and 2 0 minutes in total. 

No phase separation phenomena in the obtained PFOA solu- 
tion have been noticed. The density of the aqueous solution 
resulted lower than 1.03 g/cm 3 . 

The initial solution pH was 7.05 and at the end of the 
process 12 . 

At the end of the test the PFOA concentration in the 
aqueous solution is 20 ppm, the recovery efficiency > 99.9%. 

The results are reported in Table 1. 
EXAMPLE 7 

The Example 6 is repeated but by using a gas having a 
PFOA concentration of 210 mg/kg. 
The process lasts 20 days. 

No phase separation phenomena in the obtained PFOA solu- 
tion have been noticed. The density of the aqueous solution 
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resulted lower than 1.05 g/cm 3 . 

The initial solution pH was 7.02 and at the end of the 
process 13.5. 

At the end of the process no encrustation phenomena in 
the heat exchanger 7 and of deposits in tank 5 are noticed. 

At the end of the test the PFOA concentration in the 
aqueous solution is 20 ppm, the recovery efficiency > 99.9%. 

The results are reported in Table 1. 
Comment on the Examples 6 and 7 

Said Examples show that for a surfactant concentration in 
the fed gaseous stream of 170 mg/kg in the Example 6 and of 
210 mg/kg in the Example 7, with a gas flow-rate of 9 kg/hour, 
at PFOA concentrations in water not higher than 2 0 ppm, by 
inserting in the process the passing of the recovery solution 
in an anionic exchange column, the recovery efficiency is very 
good and never lower than 99.9%. Besides, also in the case of 
plant prolonged operating as in the Example 7, encrustations 
or deposits, as said, do not form. 
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